Mesophyll protoplasts of Dianthus caryophyllus L. cv. Williams were isolated with a high yield and successfully infected with carnation mottle virus. The infection rate assayed by fluorescent antibody staining was about 50%. Virus multiplication in protoplasts could be detected in addition to fluorescent antibody staining by bioassay and by enzyme-linked immunosorbent assay.
Mesophyll protoplasts isolated from about 20 different species of plants have been successfully infected with viruses; members of the Solanaceae appear to be particularly good in this respect. The isolation of protoplasts from Caryophyllaceae has not so far received much attention. Binding et al. (1981) obtained only low protoplast yields from tissue cultures of both Dianthus barbatus and Stellaria media. Until now the isolation of mesophyll protoplasts from Dianthus caryophyllus and their infection with viruses has not been reported. This paper describes the isolation of Dianthus protoplasts and their infection with carnation mottle virus (CarMV). Virus multiplication was detected by fluorescent antibody staining, by enzyme-linked immunosorbent assay (ELISA) and by bioassay.
After 10 weeks heat therapy (37 °C) plants of D. caryophyllus L. cv. Williams were used to obtain meristems (Oertel, 1981 ; Oertel & Dittmer, 1981) . These meristems developed into young plants under controlled conditions. When these young plants were 4 months old they were shown not to be infected with CarMV by double-diffusion test (DDT) in agar. No other viruses were observed in the stock lines over a long period by either visual or serological methods.
Virus-free plants of D. caryophyllus L. cv. Williams were cultivated in an air-conditioned room (20 + 2 °C; a relative humidity of 60 to 80~, and a 16 h day at 9000 lux). The youngest, fully developed leaves of 4-to 10-month-old plants were used for protoplast isolation.
The protoplasts were isolated under aseptic conditions. Following removal of the lower epidermis, the leaves were allowed to float on the enzyme solution (0-6 M-mannitol containing 2% Driselase, pH 5-4), and incubated for 5 to 6 h in a water bath at 25 °C. Protoplast yield was about 107 protoplasts from 1 g leaf material. Protoplasts thus isolated were intact as judged by their microscopical appearance.
CarMV, isolate PAC, was propagated in D. barbatus L. Virus purification was by homogenization of leaf material in 1.5 vol. 0-1 M-potassium phosphate buffer pH 7-6 containing 0.1% thioglycollic acid, followed by preliminary clarification with 10% butanol. The virus, purified by differential centrifugation for 2.5 h at 80000g in the first cycle and for 2 h at 150000 g in the second cycle, no longer reacted with an antiserum to normal proteins of D. barbatus L. The antigen was saturated with a 0-25 vol. of antiserum against healthy D. barbatus L. and subsequently injected intramuscularly into rabbits. The first injection was made using Freund's complete adjuvant, and the second and third injections were made using Freund's incomplete adjuvant. The antibody titres of the antisera were between 1:1024 and 1:4096 (DDT). The concentration of antigen in the test was 1:4096. Protoplasts were inoculated using the procedure of Takebe (1977) . Virus (46-6 ~tg/ml) was incubated in 0.02 M-potassium citrate buffer (pH 5-2) containing 2 ~tg/ml poly-z-ornithine (PLO) (Pilot Chemicals, New England Nuclear) and 0-6 M-mannitol at 25 °C for 10 rain. This was then added to an equal volume of protoplasts (106/ml) in 0.6 M-mannitol and the mixture incubated at 25 °C for a further 10 rain. The protoplasts were pelleted at 100 g for 3 min, washed once with 0.6 M-mannitol and cultured in the medium of Nagata & Takebe (1970) . They were cultured for up to 1 week at room temperature and in diffuse light.
The protoplasts were tested for virus infection by fluorescent antibody staining, by ELISA and by bioassay. For the fluorescent antibody staining the immunoglobulins (IgG fraction) were purified by the method of Levy & Sober (1960) and conjugated to fluorescein isothiocyanate (FITC) by the method of Otsuki & Takebe (1969) . Protoplasts were stained using the method of Otsuki & Takebe (1969) modified by washing the protoplasts twice for 15 min in 0-01 Mphosphate-buffered saline (pH 7.2) containing 0.85 ~ NaC1 (PBS) prior to staining and twice for 30 min in PBS after staining; this gave better resolution of stained protoplasts. About 50~ of protoplasts were stained by fluorescent antibodies 4.0h after infection. Microscopic examination of fluorescent antibody-stained protoplasts revealed non-specific yellow coloration of the chloroplasts, which was believed to be due predominantly to chlorophyll. However, this could be clearly distinguished from the yellowish-green coloration of the cytoplasm due to virus infection. Yellow-green fluorescence was observed only with the infected protoplasts and not in healthy protoplasts treated with anti-CarMV fluorescent antibodies. Decreasing the CarMV concentration in the inoculum (from 46.6 to 20, 10 or 5 ~tg/ml) gave nearly the same results. PLO seems to be essential for a high percentage of infected protoplasts, because the incubation of protoplasts without PLO in the mixture yielded less than 5 ~ infected protoplasts.
The increase of CarMV synthesized in protoplasts was estimated by ELISA. Therefore, an IgG fraction from CarMV antisera was extracted by 50~o (NH4)2SO4 saturation and chromatography with DEAE-cellulose. The coating of test plates (1 mg Ig/ml) was as described by Richter et al. (1977) . The protoplast suspensions were homogenized and the relative amount of virus in 0-2 ml of the suspension was determined by dilution endpoints, i.e. the dilution at which virus was just still visually detectable. The virus content in protoplasts detected by ELISA increased eightfold between 4 and 24 h after infection (Fig. 1) . The fact that the virus content determined immediately after inoculation was higher than that detected 4, 8 or 12 h postinoculation may indicate that virus particles adsorbed to but not absorbed by the protoplast membrane were also detected. Because of this, the difference in virus content of the protoplasts observed during the first hour post-infection is even greater perhaps than has been indicated by the ELISA results. 
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We also used a bioassay to assess the increase of virus. Protoplasts were sedimented at different times after infection (see Table 1 ), added to 0.5 ml 0.01 M-phosphate buffer pH 7-0, homogenized with a Potter S homogenizer, frozen for about 1 h (-20 °C), and then the suspensions used for inoculation of half-leaves of the hypersensitive hosts Chenopodium amaranticolor Coste et Reyn or C. quinoa Willd. The opposite half-leaves were inoculated with a mixture of purified virus and homogenized healthy protoplasts (control). The results were in good agreement with those obtained by ELISA. As shown in Table 1 a continuous increase of infectious virus could be detected in protoplasts. No necrotic lesions could be observed if uninoculated protoplasts were used.
Thus, all three methods of virus detection enabled multiplication of CarMV to be reliably determined in Dianthus protoplasts.
